Abstract A revisit to high riding
Introduction
Jugular bulb is the expanded upper end of the jugular vein situated in the jugular fossa. Jugular bulb is a venous structure that can be located close to the inner ear. It's not present at the time of birth. The size and location is dependent on the pneumatization of the mastoid bone. The size is not any criterion for any pathologies [1] . High riding jugular bulb is defined as an extension of the most cephalad portion of the Jugular bulb superior to the floor of the internal auditory canal or it can projects above the basal turn of the cochlea [2] . It could also be a diverticulum arising from the Jugular bulb. There may be a bony covering over the Jugular bulb or it may be lying in the middle ear mucosa next to the medial surface of the tympanic membrane. High riding jugular bulb has an intact sigmoid plate-a thin plate of bone separating the jugular bulb from the middle ear cavity. This can only be appreciated on thin slice bone algorithm CT, and is too thin to appreciate on MRI [3] . If the sigmoid plate is deficient, the bulb is free to protrude into the middle ear cavity, and is then known as a dehiscent jugular bulb and is a common cause of a retrotympanic vascular mass.
According to the literature, it's a common venous anomaly with an incidence of 2.4-7% of temporal bones and fivefold higher prevalence of high jugular bulb in patients with ear related symptoms [4] . It can occur as a two different entity. Either there will be a dehiscence in the floor of the middle ear or it causes protrusion of the jugular bulb through this dehiscence or as a congenital variant associated with large jugular fossa and usually not associated with a dehiscent floor. Dehiscence of the floor can occur due to frequent infections, trauma, aneurysms or by tumour invasions [5] .
Jugular bulb for its varying anatomical positions, it may extend laterally to the tympanic membrane or external auditory canal, medially to the petrous apex or inner ear. In rare cases the jugular bulb may extend upwards, elevating the floor of hypotympanum presenting in the middle ear space with a thinner or absent septum.
Most cases of high jugular bulb will be asymptomatic but symptoms have been reported. High-riding jugular bulb can cause pressure effects on the surrounding structures and include tinnitus and conductive hearing loss, which may be occurring due to turbulent blood flow through the aberrant anatomy resulting in unwanted sound transmission through the middle-ear apparatus. Symptoms may aggravated with conditions that increase the cardiac output. If it is medially located patient can present with vertigo, sensorineural hearing loss and tinnitus. High jugular bulb may also mimic Meniere's disease showing severe acute vertiginous attacks, pulsatile tinnitus, and hearing loss [6] .
If suspected preoperatively, investigation with CT angiography or venography may provide information regarding the anatomical location to aid surgical planning and to reduce complications.
In our clinical observational study these anatomical variations and analyzed and presenting a newer classification for a better perceptive of ear symptoms and signs for a clinician.
Materials and Methods
Patients in the age group between 15 to 60 years, who underwent various Tympanomastoid and otosclerotic surgeries from April 2015 to 2018 have been included in the study. An analysis were made on high riding jugular bulb which encountered and different anatomical variations were noticed.
All patients underwent otoscopic ear examinations, audiometry and impedance testing and other preoperative evaluations. All patients were noticed to have moderate hearing loss. They all were subjected for various tympanomastoid surgeries and otosclerotic surgeries.
Results
A total of 531 patients underwent various tympanomastoid surgeries and 48 patients underwent otosclerotic surgeries. Out of which 8% of the cases (n = 49) were noticed to have high riding jugular bulb. In those 49 cases, 81% (n = 37) have Grade I, 11% (n = 5) have Grade II, 6% (n = 3) have grade III, 6% of the case (n = 3) have Grade IV and 2% (n = 1) have Grade V high riding Jugular bulb. Among these the prevalence of Grade I jugular bulb is high followed by Grade II.
With the observation of our clinical study the authors have made a revisit to high riding jugular bulb and proposed a new grading for high jugular bulb called BPH ( Figs. 1 and 2 ), that is Basava Prasad's grading on High jugular bulb (Channa Basava Hubli and K. C. Prasad) as:
Grade I: High riding jugular bulb up to the level of tympanic annulus.
Grade II: Extending from the level of tympanic annulus up to the lower end of inferior margin of the round window niche.
Grade III: Completely obliterating the round window niche.
Grade IV: Lies between superior margin of round window niche and stapes.
Grade V: Abuting the Stapes Arch.
Discussion
High riding jugular bulb encountered during surgery was uncommon. It is the extension of the most cephalad portion of the jugular bulb superior to the floor of the internal auditory canal. Otoscopically it is seen as a blue mass behind an intact tympanic membrane, can be misdiagnosed as Glomus Tumor, which may become distended on Valsalva or ipsilateral jugular compression. During the surgeries, if a mass have been encountered in the middle ear cavity never attempt for a biopsy. In various tympanomastoid surgeries and otosclerotic surgeries the tympanomeatal flap must be elevated with utmost care. In these conditions if CT scan is not done prior to these surgeries and if there is any suspicious mass in the floor of the middle ear cavity surgeons should think of high jugular bulb one should be careful while elevating the tympanomeatal flap. In such situations it should be done closely following the fibrous annulus in order to avoid noxious complications. During elicitation of round window reflex we should not push down the mass vigorously if there is any suspicious mass over the round window niche especially in Grade III to V.
Sometimes it can present as a sessile polypoidal lesion adherent to the middle ear cavity the surgeons should be suspicious and never attempt to take a biopsy. If in case there is presence of any squamous epithelium, like that of cholesteatoma, covering over the mass especially in case of Grade III and Grade IV high riding jugular bulb utmost care should be taken while removing the epithelium. Avoid usage of sharp instruments while working on the middle ear cavity near to the mass if there is any suspicion [7] [8] [9] .
Encountering high riding jugular bulb abnormalities during ear surgery are a rare but recognized problem. It can complicate other surgeries like myringotomy and grommet insertion as if opened it can lead to problems like brisk venous haemorrhage.
A normal jugular bulb may produce only a slight indentation on the undersurface of the petrous bone and if its extending up to the superior petrous ridge posterior to the labrynth and internal auditory canal, it blocks access to the internal auditory canal. In such cases, we should not access to the internal auditory canal by translabrynthine approach especially in acoustic neuroma surgeries. It could also be a diverticulum arising from the jugular bulb. It can also mimic conditions like cholsteatoma or other neoplasms. High jugular bulb may also mimic Meniere's disease showing severe acute vertiginous attacks, pulsatile tinnitus, and hearing loss [10, 11] .
When discovered intraoperatively, care should be taken to avoid haemorrhage and in this event of this, prompt hemostastis is required. In case of massive bleeding a study showed the usage of transcatheter endovascular embolization using detachable coils have been used [12] .
With our research we could not encounter any literature showing a Grade V high riding jugular bulb, we are reporting for the first time a case of high riding jugular bulb abuting the stapes arch. 
Conclusion
High jugular bulb encountered during the surgery is uncommon and is often asymptomatic and silent. In view of its varied presentations we should be aware of and kept in mind different anatomical variations of jugular bulb, be clinically suspicious and introperatively vigilant to encounter the high jugular bulb and its complications during the surgery.
